Porosity has a considerable influence on the physical properties of many mechanical properties of materials, such as elastic moduli, yield limit, strain hardening, fatigue and ductile fracture. The volume fraction of pores, as well as their average size, shape and location are generally 
as their average size, shape and location are generally acknowledged as affecting both the dynamic and the static properties of cast alloys intended for structural applications 1)∼3) . Therefore, incorporation of a realistic description of three-dimensional（3D）microstructures
into the micromechanical analysis of such materials is of particular interest. In a cast product, porosity is often nonuniformly distributed over the part, and hence the material properties of the casts are mostly heterogeneous.
Macroporosity in metals, generally defined as porosity visible without magnification and typically of average size larger than 100 mm, can cause gross section loss, thus reducing the effective elastic moduli or stiffness 4) . On the other hand, even if microporosity may not result in high stress concentrations and stress redistribution, it may significantly affect the fatigue resistance 5)∼7) . Several studies have been carried out on the correlation of the porosity and mechanical properties of the cast products 8)9) .
While elastic properties of porous materials are primarily related to the volume fraction of the pores, fracture-related properties do not quantitatively correlate to the first-order average microstructural characteristics of the pores, such as volume fraction and size 10)11) . This is because the fracture nucleation and path is also sensitive to secondorder characteristics, such as the extent of pore clustering and the size correlations of clustered pores.
The VCAD System Research Program 12) aims at developing a methodology to perform FE-based simulations on realistic 3D images of multi-materials, reconstructed either from a stack of microstructural serial sections or from X-ray computer tomography. In this context, VCAD offers an excellent environment for the high-resolution data acquisition, as well as for the 3D reconstruction, data resampling and denoising, mesh generation and simplification. In this study, serial sectioning has been used to generate 3D microstructural images, which are then embedded into a FE software to simulate the influence of porosity on the mechanical response of the cast aluminum product. The present paper aims at developing a methodology to perform FE-based simulations of the micromechanical response on actual 3D
microstructures. Although the methodology is developed for microstructures reconstructed from serial sections, it is equally applicable to other 3D image acquisition techniques such as X-ray computed tomography. tetrahedral mesh is generated, by using an extension of the isosurface stuffing algorithm 16) . Finally, the mesh is simplified until a target number of tetrahedra is reached, under constraints related both to the mesh quality and to the accurate geometric rendering of inner and outer
boundaries. An example of mesh generation and subsequent simplification, as applied to the extracted representative volume of Fig. 1 , is shown in Fig. 2 . As already mentioned, pores have complex shapes, they vary in size and orientations, and the surface curvature varies from one surface element to another even on the boundary of the same pore. Furthermore, the distances between pores are not uniform ; some pores are very closely spaced, whereas others are not. To take into account the influence of these geometric details on the local stress and strain distributions, a very fine mesh is used near the pore surfaces and in the regions of closely spaced pores. On the other hand, for computational efficiency, it is not desirable to extend the very fine mesh over the whole volume of the region of interest, as it can be seen in Fig. 2（b ).
4．Choice of representative volume elements
In the study of the mechanical behavior of the 
5．Results and discussions
The created FE mesh has been used for the numerical computation of the mechanical response under various loading conditions. The FE simulations have been carried out by using V-MultiMat, a software dedicated for structural analysis of multi-materials, which has been developed within the VCAD System Research Program.
The following analysis is intended to illustrate the methodology used for incorporating the reconstructed 3D serial sectioning images into a computational FE framework, in order to correlate the porosity with the elastic properties as well as to analyze the stress and strain concentrations around the pores.
Elasticity
One of the most used correlations between the Young modulus E and the porosity volume fraction f, is the power law E＝E0(1−f/f0) n where E0 is the Young modulus of the sound material（without pores), and f0 is some critical value of f, for which the porous material can no longer sustain the loading. This power law was initially based on theoretical models of geometric stackings of solid particles with interstitial pores 19) , and later substantiated by empirical data 20) . Moreover, it has been suggested that the exponent n＝Kt f0 , where Kt is a stress concentration factor, usually larger than 1, and related to the type and characteristics of the porosity 21) .
Our concerning the modeling of the elastic behavior of porous casts will be presented in a separate contribution.
Plasticity and ductile fracture
Simulating the large deformations of a porous representative volume element allows analyzing the stress concentrations around the pores that may eventually lead to failure by fatigue or premature rupture. 
